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METERING VALVE FOR A METIRID DOSE INBALER
PROVIDING CONSISTENT DELIVERY

Brdipvend
by wiich scrosols

Merzring vadves e

from

#d g adminiseris .

formutstions that inctode & liquefied g23 fropeilimt ind ars deliverad to & patic b e

aczosol.

'When sdministering medicinal forealstion, 8 dosr of fhrmatation cufficent to
produce the desired physiological response is dctivered 1o te paticnt. The proper *
predetermined amocs of the forrmistion mast be dispensed t the paticnt in cach

dosc. Tiass, ey

a5 be able (o dispense doses of (e

medicinyt fxmutarion acrurxrdy and eefiatdy t belp assure the safety ad efficacy of e

et

Mezzring veives bave b dewkoped I povide coxtrol over G Sixpensiog of
medicinal aeronol fxmuhtions. A metering valve may be used to regulsts the volune of a
eoedicinl frmotstion prexing Gom 8 cootxines to s metcring chambxs, which define Go
maxinom souzt of te farmxtstion Gat will be ditpenacd &3 the oext dose. Relixble sod
eoxtralhbly Oow of e medficiml frsmbition o the thekesing chamber myy contridon

doschof the 0

0 Ow acconacy andior precivion of | ctering of

Thoy, refnble and contrallible fiow of (o medficiza) forsmtation oo the metminy
cambey enzy Emprove performancs of (he mesering vaive end, therefore, oy be bighly

desirable,

s some metrring vaivey, e tetrring chatzbey Slly with the medicimad formahtion

ehambey is refilled with i aftey di

dose 90 Gurs the menyivg vales is

wady b Exctrargs the ocxt doss. Camequontly, the mésing chimber coctaing
rmtation a2 of) Gmes recepe for the brief time during which Cie valve sem is depresaed
by 0 o0 discharge 8 doow. Abo, e pragreays Grogh which G foradition

e fiow © rexch te ing churndey are oftn

md ortocs. As s asalt,

©xtrring valva confipeed i @is way bave o ooznber of Essdvanges resching i, B -
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example, ermmtic dosing ¢ue w Joss of prime. “Loas of prime” means the ocarencs of
vapor ar aiy voids in the metrred vehae, theselyy keading to & shartfal] in the vobume of
dase being metered by the valve. A principe) cause of loss of prime is the presence of
textrictions in the ctry pamsagrway of passagrways trough which formulation ronst pesy
£} the metering chanber. Sach resgictions can kad to Bow disuptias and ta slw
ths cerzrrence of vepar or aiY voids in the metering chambey.

Anceber 13 can bead t ovatic dosing bs s of dose. “Loss of doe™
means s changs in te emouns of euspended drag or excipiers perticies i » metered dose
of i o the svenigs 5on of o bufk oa i the

connine. A principel caars of lots of does i the seuling of drug particles i, or fheir
movemnt out of, sestricted region of the metring valve sxch that G propo

peios o dose delivery. Fos examplo, drug particies mary senlo in 8 sraidnal metering
wobzne - a7y part of G metering vatve bounded by » metering carface and dot, ehen the
cering valve is o the resting pesition, senains Buid filied bat s oot © sbstantially bre-
Dowing iextion with e bolk o

In other metering valves, cesicond axtzring vokame may be Bmited to some extzes
by designing e metrring valve 30 s the metzing chamber does b0t matrriatize enien
snd i) the vahve stem is sctaated. Howeves, ¢ven i thess metering vadves, 8 sonl)
resiéus) metrring wolame exiny when the metrring valve is o1 et beranwe 8 emad) erzwthy
© caisn between the valva siom end the excicrizg vatve body.

Actaation of these valve grms cxn be divided axto o filling Rage axd 8 discherge
sage. The Glling stags begins a3 the vatve e i depreaicd doring scrastion. Tbs action
of depressing the vaive '™ Sea of  transiens metrstng chmbey, which
s in Oxdd commmnication with the residea) metrring volome defiosd by the onal sty
1. As the vaive 2o i3 depressed, the tantiers postion of the mewring chamba
cxpands and formutrtion entrrs the mrtrsing chumbes. As Esphacercs of G vaive sion
atintes, 8 e is resched @ which SlJing of (e rxmyiem caraTicg chambes Sopa.

Evenemlly, disphaconant of Gt valwe st ctizees 1 the Ciacinrge g,
whiich the metrred formiition is Grbarged. B these valve, 8 single sctuatian Go3
caxves opid Blling of G trrmsiem ecaering chamber followad by Giacharge of G

of ion carmot
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Sormuttion w e peica. Geacally, mrtorod famubson docs not reside for oy
w@hmdmbummummﬁ;m However,
sams formubition sery resids i (e R3iden) ewaing vohume defised by the cmal) sxnabyy
$p when the mctoring valve s s3 1o,

Sume metring vadves Emil the keight of the eansles gapy, Geredy seducing Be
sidoal vobume end Emiting the smouz of foarmxdation that rexides in the mering
chambes betwee sctation events,

While & metzring valve baving o cansicn metering ehaxber provides
over ather types of oxteing valves for the delivery of scroen) farmmistions, the fow of
frevoctation from the coatainer to the wetering chamber oy bo dizrupted. Disrupted fow
of formolation refers to Elling & metering chambes throngh one o7 mare bottleneck regions
of sigriScantly restricted accens. Flow through G bomteneck regions may be impeded

iy o give ity incocrpkes illing of the mactering charches,
paticataty ander confitioes typical of patient oxe. 'When tis bappem, ormnladon mry
uwbmuwmumd{mmm
become significantly restricted immedistely prios @ being sealed off dring sciostion.
Disrapesd Gow, &3 just dexcribed, refers 1o flow acoens daring the majority of e REing
stags of sctiation.

Certain metering vedves have been desigoed to improve the Bow of formutstion
iz the metering chamber. For example, some metrying valves bnchxds angied spilivay
lfing chxamets designed to imit disrwption of the Bow of Sen it Ge metering
chamber. Less disrptad flow may ] od to which vapor o
sir voids foro in the metered volune ed, Grorefars improve perfomaence of the metering
e

Sommary of (be tnveaties
‘The present invention relstes 10 8 novel dexign for 8 metering valve that provides
Emproved consitteney of formuhition delivery. The mctrrieg valve of the present
investion inchudcs 8 valve stezn designed 1o (1 tismit or efiminats the rexidual metering
wohime, therehy retincing the mosat of forzatetion gt recides i the metaring chabar
whils e metrring vabve i3 ot s, and (2) Emit restricti the fres fiow of
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FIGS. 3 © 7 are entarged croas-section! views of te embodimem of an serosol
metering valve sccording to the present isvention chown ia Figurs | o ts resiing
position, the Glling g and the discharge stagn, respectively.

FIG. § is e enbargzd cross-ecctiona] view of yet ancther embodiment i the esting
position,

FIG. 9 is m isouetric, cut-oway, enlarged viow of a partion, ie. in tho vicizity of
B meicring grakoy, of the valve o of B mctrying valve shown i FIG. 8.

FIG 10 is &2 faoeetric, crvaway, epharged view of ¢ poction, Le. ip (e vickity of
the metzing gaskrs, of s further bodiment of s valwe stem for o 3 o acosol
etering valve sccording to (e prosent irvention.

FIG. 1) & en cxtharged iooal vicw of cae - fa valve stz
accoeding to the present ivention.

FIG. 12 i3 e coharped cron-scctionad view of e alrmative embodiment of s valve
stem acéording t the present investion.

FIG. 13 is 2 etarged cros-eectionsd view of anothey aherrative embodiment of 8
valve stem sccording t the presest invention.

FGS. M40 1§ oeenlnged views of o h of
& metrring valve scconfing t the resent fowetion b G resting patition, the Alting mge
and D discinrgs stags, rexpectively.

Pxtaficd Desertpion of the hoveution

Tao fsDowin ipticn is sct farth b torms of ) metrring valve ooed &
Etpen a0 scroool formahition Bom e acrosdl conniney. Howeves, Ga metering vaive
e methods of te prescns inveation bees Son o vinmally amy [~
tequiring delivery of eo asccuns, eetered dose. b particelyy, G metrring valves
Gescribed berein e xey) for disprasing meficiat acoeol Grmotstions.

When ued t dispense ouerdicina) acrosol formutations, & metring velve sccording
© G ot isention ouxy be wod o sdmizit vetally sy acusdt oo of
érug iz=0 » body cavity of o paticm, much s the mocth, £OM, £5m3, VA, €20, OF OGED B
cyca or ey kin s of G petiet. Howewer, O prese ivveation o oot Gxxizd ©
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o the metrring chamber, Comequendy, consiitent detivery of formalation is obtsined by
seducing O effecty of lows of prime and lox of doe,

Thw presezs igvention provides ko acsoeol pctaring vaive (it inclodes o valve
tody and 2 valve st Bt groenily defiy i axis end cocrprins » meaericg
graket coafigures to be able to fhrm » tansient, prhoarrially fuid-ticht ses) berween te
valve sizm sixd ¢ saling partion of G vadve body. The vadve stem inchudes » body
porticn inchuding » Metcving srrfce, whereis the longittvinal xais and & phens tergrosiad
to & lrast & portion of the metering surface define &0 angle Gom abow 2° w abouw $0°.

15 another sspect, the presen invention provides an acroso] metering vitve
tchding (a) s vadve body (et inchodes a disphragm having walls that defin s gpevturs;
(b) 8 mactering stem G2 generally defines o centia axis and atso pertially defines &
Enterios (pace, (he metering stom inchuding a seating portion, an iniet recess &l o the
sealing portics, 8 metering surface distal o B ixdes rooen, aod & dischargn gaske digtal to
the metering surface, wherein the central axis and » plros tarpential to at dexst s postion of
the metering surface defines an eagle from abowt 2° o aboxt 907 (¢) s vatve s by
stidadic, scaling with the spertrs and
portion of Gw interior space from (e inlet recess of (e mevexing stem; 6aid sealing portion

ing gaskes 1 ba ablle © foem 2 amsiers Muid-dght tiding
seal with at Jeast a portion of ¢ metering stem sealing portion, (2) o metering sufics
confipmed o sbananrially confonn to the metesing curface of (e metering arm, (1) &0
erior extace, (4) 8 dischargs socesy in » poction of the interior surface.

(1) » seating parts N

Brie{ Deseription of the Dyawingy -

FIG.1 ts 8 crem-sections] view of & metzred doas inhater incloding an ambodimen
of the acrosol metericg valve accarding to the present invention,

FIG. 2 is en entargod cross-enctioon) view of i embodiment of anather scrosol
metering vatve acoording 0 G present ixvention in the rusting potition.

FIG. 3 is an enlasged cross-sectional vicw of the acroso] metering valve thown in
FIG. 2 during the filling stage of valve stem actuation.

FIG. & is an entarged cross-scctiooal view of the acosol metering valve shown in
FIG. 2 duaring the discharge stags of valve siem aceation.

WO 8811143 PCTAS2000027329

medicined spplicstions end may be naed whereves o precise amount of material fom s
peesrized fid i to be detiverzd t 8 given frgion.

FIG. | shows en acrosal di ing apparatus, graenadly a3 10, &
b i of s metering vadve 14 rding to the preacad igvestion.
The top end of e mectering vaive 14 b crimped eround e end of & conwentional acvosol
coutainer 12, whils a conventinna! dischergs piece 16 i mounted arocnd the boctom of the
enctering vatve 14, Thm, ion is di Brom the asescd
contxiney 13, Coough te mering vaive 34, ten duoagh the dischargs piccs 16 whers is
is delivered to 8 patient. The disciargs piece 16 direed the acvoool foermistion towasd the
body cavity of £Xin arca © whiich the formatation & t be defivand. For example,
dischargs picce 16 cay be 8 movtipicee st can be kxsertzd it the paient®s mouth,
Excreby providing ol admizition of the sl -

The acrosod-dispening device thown in FIG. 1 is mesely one cxampls of tow »
mexzing valve scoanding to the present iovention c be incorporssd into o digensing
sppanatos. Fustermoce, the configunzion of the dischargs piecz 16 depends wpon the
epplication for the scrosel.

In cnamry of e figures, & Dxtrring valve or valve sz i shown fo isobition for
came of Slostration. The valve strms shown in isolation mxy be coxsbined with ooe o
more additional componenss ©© form a metering vave. Sach metoieg valves, e well as
metering valve dhawn in iolation i G G, oy be combined with ane or o
additioml conxponent t form 60 serod dispensing device. bt is enderenod G oy
particatyy fratrye chown ip # metiring valve end/or vedve stem cmbodiment mry be
Coembined with fexmmres shown b othey embodiments endir incoronned eppETprinly
witkin othey enbodimenta.

Refrrring to FIG. 2 dowing s0 embodiment of a merzring vadve 14 (b te rexing
posision), the metering vaive §4 fypically incledcs s houtitg 18 that sorves to booe G
warioos coxmponenty of the peterizg vave 34, The tp particn of the bonsing 13 enaches
© Cax aerosod contsiney 12 (13 showa D FIG.1). A vadve bady 22, oypically ecred within
e walve horsing 18, in tero provides s honsivg for 4 vajve xem 246, The valve body 22
inctodes e imxxion e face 34 defining en inxeoal chemir or cavity of the valve body.
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' The mexing wive 14 typically inchudes o gring cage 46 0, together with G
walve body 12, dcfiney an tatezior chazsber 3, & partion of which is cccpied by a porion
of the valve e 24, Ooe oo moce nlets (1ot shorwn) provids open tnd weesticad Baid
commumication betwon e interior charmber 38 and Ge acvosol container 12.

The valve stzm 26 inchades two porion, s body porticn and @ stem portion. The
e partion iochdes o portion of G valve sz G is outzide the vaive boing 18
when the vatve stero 26 i i O eesting position shows i FIG. 2. Dering sctation of the:
valvo stem 26, bowews, the szzn particn will be digplaced inwandly with respect to e
metering vaive 14, as doscrided more folly dedow, so thas soroe of the stem portion will be
amicly positionsd iasido the valve bowsing 18, The stem partion tactades &
passageway S0 throgh which » mczered dose of foxmetation is disckarged, 53 will be
deserided more fully below. The passageway inclodes one o1 o tide boles 51,

The body portion of the valve r2ero 26 is tha partion that s positioned witkin the
vatve boussing 18 throcghout actastion of the valve sten 26. The body portion of the valve
stem 26 inclodes » metrring marfacs 28 end s tealing exrface 30.

The body portion of the valve strm 26 i configared t have sabsarially the ame
shape s (o surounding wall of the valve body 23 Thus, as cxo bo seea in the

thowo itFIG. 2, porticn of the mctrring carface 28 of vabve
stemm 26 rests s contact with the Enmerior surface of Ghe valve body 24 when the metrring
dvo fa in (e resting position, (hretry crinimizing fhe ansalar gxp between the valve stem
03 valve body when (e metering valvs is i (he rosting position, and thes minimizing
residua) metering vokie.

The mering riive caxy inchada a spzing pride 66 mountod an the cad of the waive
ctem body portion appexite the tiem portion £d & Gpring 43 witkin the intevior chamber 38
of G metrring vatve s thown i FIG. 2. The spring 43 through cxpagzmen with te
spcing guids biases the valve stezn 26 towand the cesting position. B will be eppreciand by

inthe o iable for bissing the valve stzm 26 into the
resting positien, a.g, i) spring or & gprivg. intedy d exteead to
e imerior chambes, mury be osed in i ing valves ing to O

present inveation. The spring guide mey be an integral part of the vadve sterm sodior
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34 is fhemed betworn the intrrics surfhce of the valve body 24 and the mctering sarface 28
e valve siern 26. The wotume of the tetering chamber 14 increaes as G valve sz
Is Ssphaced el it reaches ins Silled-vobmo a1 the end of the filling enge.

Aczoeol firzaistion enters the Slling volme of Ge metering chamber 34 in tho
Bllowicg mammer. Formutatien from the scrosod contzines 12 pesees throegh the coe or
ore tnlets md into tho ixterior chamber 39 of the mesring valve. From the frrrior .
chambes 38, e Srmalation passcs between the iz Sride 44 and the metering gastoy
32 Formutation Bows sroand the proxime! cud of G vabvs stero 26 tarough 8 fow
channe) 42 berwoen the valve e 26 s the interior surface of the vatve body 24 xod
entens the expanding reteting chamber M. The ging goide oy be provided with co-
sway portions of apenings to improve Bow sod/or sccess to the metering chamber,

Thus, 23 the valve @em 26 is moves from the rosting porision shown i RG. 2
(s filling stage shown in FIG. 3, azrosol farmmation pesscs from the acsosol coctainer 12
to o meenring clsber W inunedisnely wpos scuxricn of the valve siem 26, Formutation
contimnes © 1) the mewving chamber 34 eneil the metrring vaive 14 raches the filled
age (oor Bascaed). As will be described 0t flow of formetath
{20 (e metrring chamber 34 my be affceted by the anglo descrided by the metrring
anfice of (he valve s2em 28 with zxpoc & Ge ceeml oegitadiml axis of e velve szm.

Al G end of the (lling stage, e Oow chenet bs oot off o the mctering paskes
cootacn the seating sarfice £0 of the vatve body X1 The metering gaskes Corma s fivid-
g, eiing acmatey sl wich the sralicg s (13 a0 be $20 (0 FIG. ), Thm scatig
wrface €0 may bnciads oos ov more strachros desigasd $ Envit abwasion of the metering
Ptha 2 3 Qo etaring froka £33 contact and Gen eides past O sraling watace 9,
Sainable tracttyes incinds bt are not limind 1o a coomded edge, o beveled odpr, and s
000 nged transirion for the ixrrior sexface of (s vaive body 3 o the sealing
srtace €0,

The Emensions of (e valve body 22, vatee a2 26 and ather valve componezts
Aetermine the flled wolzme of the ectering chamber 34 i the exxcplettly Sled patition,

FIG. 4 depicts (i metrring vatee 34 i e dincharge thigs of actrazion. o ordes o
Giacharge n octersd dowe of acreacl formmistion fom the merring chxmber 4, the
vtve e 26 i nthey actosted to G position Duszed i FIG. 4. Thome skilled in C

WO 10848122143 KTASIRAIRD

wnzged © incinds » pressure Alling ring &3 deaczibed i Gw US Pate US 5,400,920,
which is incorporeted by reforonee berein.

Tbe metering valve 14 dso inctades 1 least two ermatar gaskety, he dlaphragm 20
and the metering gasket 32, Tho dispbragn 20 s positioned Detween the vatve houring
13, (e vatwe body 22 and the valve stems 26, &3 hown in FIG. 2. The disphmagm 20
olates the formatation & the serasol container 12 from the exterior of the vahe by
foxrmning two fuid tight scals: 1) en ansmiey o] between e dEghnagm 29 and the valve
£tem 26 whern the vatvo stem extends aut of the valve bousing, and 2) a comyeeasive
planar or face sea! between the dixpitoagm 20 and the bouxing 18. The lattry sea) cwy be
cffectod cither with or without s sealing bead o0 cither the valve body 23 or te housicg
it N .

A3 sdown in FIG. 2, G eetering gasket 32 bs incioded in tho valve cten 26, and
Py two planax facs scals with the body partion of the valve e 26. The metsring
pasket may b eiher machanically aBfixed oeto the valva siem, mokded oot éx valve
222, or the walve e may be premafienzred uring, Gw Cxzpe, & two thot of co-mokling
process in which the valve stem and rectering gashet are co-molded 80 that » strong bond
(mectarical andfor chemicat) ean be achioved betwoen tha andertyizg portion of the valve
e xnd the metcsing gasket. As will be described tn mare dend] below, the metering
gasket 33 transicntly isolates G formulation in 8 metcring chambes 34 (which s formed
churing actuation) from the serosol continer 12 (a3 can be best seen in FIG. 4) and tus

provides » means for the flow of from the acrosol container 13
(he metering chamber M during actuatico of the valve st 26,
ion of the meteing valve thown i FIG. 2 &8 D AGS.3and 4,

The figmres iltusirats G stages of operation of the metesing valve 14 e the
corresponding relative positions of the valve componcnts 89 ¢ paticnt schutzs the valve
stzxa 26, tharoby releasing o dom of strpsd famalstion, FIG. 3 shows (he mexring valve
14 in the filling stage and FIO. 4 shows Ge meteving valvo 14 in the dischargostage.
As cxn be scen in FIG. 3 dwing the flling stage of actuiation, e valve sten 26
bas born displaced inwardly o the interior chember 38 againg the commpressive Corcs of
the cpring 4%, As the valve stem 26 is displaced imwardly, the proximai end of the 2rm
portion of the valve szem 26 cuters the valve bousing $8. As ¢ result, 8 ictrring chambey

WO 2048214 #CTIUSI00INITI2Y

wt will reative (hat the distance traveled by the valve stz 26 betwern the start of G Slked
stage sad FIG. 4 will ressht in an capansion of Ge metering chamber 34 withoat increasing
e metesed dose. The extra traved erssures st the oetering gasket 32 is acated agninat the
sealing surface 40 befiwe the cne or more side holes 52 enter e eetering chembey 34. As
tw valve stem 25 is fully actuated, the ooe o mose side boles 53 of e dischargs
passageway 50 pass Byoagh the disphragm 20 and come nto Mid coxmmunication with

witin O ing chamber 34 o bo d o the 0D Or more Kide boles.
51 end the formutxiion thus passes drough the discherge patsageway S0, thereby
defivering the metcred dosz of acrosod formmixtion to the paticns or other desired srea.

Daritg the discharge of the scrosel formiation finm the metering chamber 34 4

shown in FIG. 6, the enetexing gasket 32 continoes © prevent the passage of sdditionsd
dk frmmbation fom Ge acrosol cottaines 12 o e metering chamber 34, with

veeacly four the &5 = of the valve Altez the dos of
serosol {hermstation by discharged, the partont reieases the valve giem 26, witich retarm to
s aiginal rosting potifion depicted in FIG. 2 by at teast tho bicing action of the gricg
@«

The tacecssive stages of vaive sten actustion, 38 cxemplirily depice=d i FIGS. 3
d 4, we al) sccomplished diring the brief domatico of actnation of the valw stem.
Accordingly, formation, filling sd exptying of the tetering chamber occars rpidly. At
oost, ocly a very emall percentags of 8 dowe of tmmistion resides in G oeing
chumbes b i o soee s G metring chambes cy o8 exin
) i e (eting paty - (he revidua eetering volome Twy be z2ro - €0 that oo
tarmtati reide i (e metoring ey atiorn. Becanse the stagzs of
valve st acttion ooy pepidly, the metering camber is £l of formutation coly s -
trief xxnces rmedindly prics © discherge of G frmmistion Som the metsing
chamber,

FIGS. 3 © 7 iiuetratrs another embodizmest of o meazing valve 14 in i3 resting
position, doriog Siling sage 20 dischoygs sags of acorarion. This embodinen provides
© wasmpls in which the spring guide 44 and valwe stz 26 21z frmed &3 » single dlemer,
Ia this aubadimens, the past of (e metering cerface 75 located adjacent to G inrrface

10
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etiveen the merzring exrtace tod sealig woface b oo siguifieast portion aligsed
panDic! o nearly pralid] © e 63 axis. Furthermare, the metering cufice 28t
configared © iatly tho same thaps s the wall of B valve body
22, Thxn, i this exbodimens, substantially the complcts partion of the metering euface
28 of the valve stem 26 rests in contact with the ixerior surface of the valve bedy 24 when
e metering i e resti (a3 shown in FIG. 5), thereby minimizing, if

Aba, b this enbodimen te pert of the aaling crrfacs 30 bocatzd adjacen 1 te
inserface between o metering sirfacs xnd sesling srface has 0o significens portion
sligned pentled oy tearty parallel t O tees axis This faciliones treo-flowing

seation b o talk dation end within the interior chamber
33, in ganicatas in G vicinity of Gis body portion of e valve sem 26 £d the interma)
chamber oz cavity of the valve budy 22 defined by e inserior surface 24 of the vaive body
wall, when the eciming vadve b in the resting position.

During actaticn of the metering valve 14 (3 illustaied in FIGS. 6 and 7) = the
aporation of which s the sxmme as tat deacribed for the cmbodinat ilsrasnd i FIG. 2 &
4- five Bow of Grmlation diring te Slling stags (FIG. 6) into (e metrring chember 34
formen upon sctoaticn is also endunced, &3 Eiscnyied in mare detad) below, dus to e
desinble configurtion of (he metaing surface 28 endor sealing surface 30 of o body
portion of e valve sem 28,

0. 8 ilkstatrs s Anther embodiment of » metering valvs 14 in its resting
position. This embodimen provides ea exszzple i which Ge spring guide 44 is formed of
™o parms, & spring guide tiern 44° and & gpring guide cxp 4™, wherein O vatve s 26
«nd epring [pride sxm are formed &3 & Kingle elernent xnd Go spricg guide cap it formed &9
» seperstc clement, which is affixed onto the cpring guids siem.

In this embodimens the pen of the meterizg surfacs 38 ncated adjacent o tw
iecrface berween (e metering myface and the wealing surface 30 is confipured o have
sobsmetially 00 partion alignnd pemalied or ocarty penatle! t the stem axia, Prrtherman,

ing surface 19 ok e szme shepo &3 the surrounding
wall of (o vaive body 23. Thus, in this embodiment, essentially the complets portics of
he metering surfice 28 of the body portion of valve strm 26 rests in cortact with G

WO 200482214 PCTIUSININITIRY

Dusing tion of the iy valve 14 (nod nFI10.8- o
opeation of which iy the e a3 ta descrited for the embodiment (lwszrxeed i FIGL 2
4 - fres flow of formshition during e Klling stags isto the metaring chamber 34 formod
PO actustion i enhroeed, a3 discutsed f more éend) below, dre to the desinbls
configuration of (e metoring surfhce 28 and'or staling surfhos 30 of & body partion of
O valve sxxa 26,

Al .o bove, the

of e vadve body 33, vatwe stem 26 axd in
028 cuacy other vaby infisence free Bow of 4o the of
residoy) merering vohnne, when tha meterivg vatve ks in ity resting position as well as the
hammummummmm{bm

For aample, wheo (be metering portion (s portion that, i paet, boands te
netrring chamber formed wpon sciation) of the vatve body is configmed to sobstially
cotbrm t e cctrring srfacs of e valve 6, when thoe metering valve i i it resting
position, the prescocs of residual axctering vokune is minimired. Under the term
“retering portion of e valve body is conBigmred o nrbenareially conform to the meerring
surfice of the valve stem”, b b deirahly d that portion (eg. 2 15%)
of the cxctering parfacs of the valve stz rests i contact with the ixterior surface of (o
valve body when the pxnring valve bs i the resting position. The residml extering
volume Ry bo kather minimiznd, by configering G mesring partion of the valve body
© essextially conform or © conform to the metrring serfice of (e valve stem when e
valve is & st Undey e texa “mamring poricn of the valve body b configared ©
essermiafly conform or to conforn t the meting mrface of e valve stern”, i b desirably

6: caxplon partico (6.8 2 %0 %) o1 ally G
complets portion {eg. > 95% or ly2 §7.3 %), cerpectively, of the octering
sertacs of the valwe 2z rrsh b comy wich (e bxrrite sorface of the valve body when
e matrrizg valve is & te resting position.

A3 descrided sbove, Sre Bowirg of Gxmmbsion in (e valve & i ress position
oy be Aoty drsinbly imfiocaced, by configoring G mesding srfcs of the body
partion of e valve sem, och G 00 significam prtion (0.9, § 5 % or more doxizbly
$ 13 %), mwe meinbly 0o eoberantist portien (4. € 2% @ oz desindly S | X o
Don exinbly oo portion of te oxiing st sfacent 1 G itryiaca betwees the
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mmummmumummﬁh&mpﬁum
own in FIG. 3), oy mbstxntislly diminting any residusl metrring volune. by this
cmtodiment the pan of G sealing serface 30 kocxted adiacrss t G ixtrrface betwern e
metzring exfacs 28 end seating surface i atio configred v have sobsnntially oo portion
aligned paralied o Ohe stem axiy, in particniar adjscent to G interface between o
meting exface 28 and the sealing nnfica. This egrin endaoces freo-flowing
commanication between the buflk Son «nd fo o0 within Ow interior chambx
33, in particutxs i ths vicinity of the body partion of the valve siem 26 end the ixemal
ehwrrber ot cavisy of thn vaive body defined by the interior ertace 26 of (e valve body
wall, whcn the merering valve is in the resting position

As can bo apgxecistad from FIG. 8, Ge metoring gasies 32 of this embodimen is
aftetially triengubar in thape. The tmer carfacs of the metering gaskct 32 &s Ypically
affixcd t Ca rexpective undertying panics of e valve stan 26 1 » ez of 2 molding
(o8 DoMing the gasket ontn a meh) valve strm) o, tcrs deskably a co-molding,
mamalching prooess csed to produce te valve sizm. As mentioood above, the cc of co-
molding procesacs sllvws the provision of a strang bead between the intrrfacs of the
metering gasket and the undesfying panion of the vidve stem. To eabante booding andior
to frther emmzre mochanical suppon end Erength, the undertying portion of the valve 25
oy be provided with key(s) or grometrical feature(s) 33, which facilitate or cnbanco

1 the '] ing gasket 31, For better

ndenstanding, FIG. 9 ilaxrares an isometric, cur-away, endarged view of o portion, La. in
e vicinity of the metrring grsket, of the metering valve shown ia FIG. 1. Ascxn be seen
e portion of the vatve s 26 aderlying e tmer surface of te meering pke 32 i
poovided with keys 33 i te form of » acrics of ahemating thangatar toxth, which cuy
opticeally bo stightly undcrcat as shown, As will be spprocisind (ho form of the koy(s)
ey bo of axty sutubls fxe, desiably s fizm for exso in ing(ag
a1ing igjection moulding tooling with an xxiad direction of tool kalf kit movenent),
whiich facilitsts of enhance anchorage of the metering gasker. Soindle fornrs inckde L
waped extnzion, desinbly attermatively up and down, T-shaped extepsions, an somhr
fangs or 3 cxazmplificd in FIG. 10 n eroctar fixngs 33 provided with holes o clongated
perfontions 33°.

metering Aofacs and the acaling sarface of e dody porticn of the valve body is aligned
parstic or neasty peniie) @ the stom sxis (Le., with a very smal] sngie 8, 6.3, 0" or 1)
(e toterics chamber, in pasticxtar b e vicinity of the body portion of G valve strm ed
tho internal chamber ar cavity of tho vadve body defincd by the interior surfacs of tho valve:
body wall, when O metoring valve i3 i s resting positian tay be enkanced by carain
configmations of e saling eufaco of the body portion of the valve stem. In particute, if
@y be desizaie to confignrs (he seating erface of the body portion of G valve ctem,
ch thmt 0o sigrificant portion (e.g. S 3 % or more desirasbly € 2.3 %), mare suitsbly 0o
sabstactial portion {a.g. £ 2 % or move desirsbly < 1 %), or mest aitably 0o portios of
(e seating arface adjacent o the Entryfhcn berween the metrring mvface and the sealing
surfhce of the body portiom of the vadve body is sligned paralic) or nearly paralled to the
e Kxis,

As - abgve, the flow of o into the ing chamber during
sctmation tmay be affcctzd by the mgle described by the metering surface of the valve srm
with sexpect to e cxotral locgitodinal axis of (e valve Gem. For cxatmple, G vadve sion
28 enwy defiow & centrd longitodizal sxis 60, &3 shown & FIG. 11. An sngic 6, ey be
defined by the i of s plane 6 rottal 0o 8 cxajor parton of the mewring
mrface 29 of (ho veive sirm end G cenezal axis 60. Iy came embodimens with cooples
grometries, engle 8, tay be defined by G intrracetion of the crutral axbs 60 and  phoes
anprotial with s mings partioo of e metxsing sufice 28, 1 sowa in FIG. 13

AD ety deing sqaal and assuming tha the valve body b confipirad to sidenntiaDy
canfors o Ge viive oom, » boger 6, cexdr by & wider SlEng o for & given
éiphacement of te valve stem daring sctoation af the metering vaive. For given scaling
dismerrs and » given ster displacemena distance t (e meeericg poins, » hrges vatve of
8. gooenally allows (e valve st and the metrring vatve 1o be chorter. Toe cape of e
oxtrzing serface 28 shown i FIG. 13 allows the use of 8 pesticat angle @, i 8 thoney
ety vaive. A sicrpier metering sarface, sach o8 Gt shown i FIG. H, ooy regie
fexs Soral cootol & ordes G valve cexn €0 vadwe body hxt
robutrntially confam o one mothet end Gerelry Kot of efimimits tesidml oxtrtny
wobig when the cxctrrivg vatee b € roa
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* Syizsbie walues for maght O in valve stmms accoading to G presens iavention ase
from abous 7° o abows S0P, Within this range 8 mininsam angle of abowt 10° bs more:
Aesiabe, $bowt 20° even more drinble snd hout 30° mest desinbie. A maxitnam mghe
of sboutt 10 * is enors desirabls, ebows 70° ved more devirable £ sbout 607
dasinbie,

To Gmis the potcatial of srers of restrictad fow within e metering chamber and
ths endanced fes flow of formubtion imo Ge ing chambes, the ing sarhes is
desimbly cocfigured 1o have 06 sigrificart portion (e.5. € $ % or more dezinatly
£ 1.5'%), more minNy no minnvtil portien (e.g. § 2% or more daindly S | %) or
oal suiablly 00 postion theroaf aligacd pesatlc) or oearly pazalie) to the stem axin

As c20 be ge20 in the exemplary embodiments thown i FIGS. 2, $ #0d 4, the body
porticn of G valve stom typically iochodes » scction sdjacent 0 6o stemp portion, which is
aligned parallel or nearly perafiel o the sters axia, This section Guilitates the pacsags of
the valve stem Grongh the opening of the vadve bocsing andior (he diaphragm. Becruse
this scotion is adjacent to the et portion aod st the distal end of Be metcring chamber
formed upos sctuation (a3 cxn be spprecisted for caample in FIG 6), o parallel ar nearly
panalic) atipmocnt of this scction of body portion docs oo restrict the Bow o the
meering hambes.

A3 cxn be best seen ia FIGS 11 to 13 showing exenplary valve stemns, w metering
sxrfhcs 39 s Rypically it scrface of tha scezion of te body portiao locxtzd between O
secticn of the body pontion comprising the seaiing exrface 30 and the section of ¢w body
partion adjacerit o the ger portion being eligned panllel or newty pantled to G stem
axia. The ciscamiirential interfhcs of boundary of the metering sxxfaco endd the sraling
erface, being locazed on (e outry maface of e metering paskey, is typically endersiood
10 be the ansiey of widest transverse cros soction of (e toctering gasket. Io
cnbodiments, which i accordancs € the afteesaid definition woald heve an interface or
boundary baving s portion paralied # the kagimdinal axis of Go stem, tho interfhco or
bondary is ederziood in @iis case to be tho anexts s (e dista) aod of the paradidd
portion (i.0. tho end tywerds (ho stern portion). As can ba eppreciatzd Som FIGS. 10 0 13,
if the valve 5o inctudes s mownted or integra) gpring guida 44, the sealing sarace 30
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eelatively simple geomeny, socb e e valve siem thowo b FIG. 11, & majorizy of te
nctering marfaco 28 may define G phane 63 wied 1D defioe angha By Ahrmmatively, the
etering mothcs 33 may bo kregetas, soch e i shown ko FIGS. 12 €nd 13, and only s
partion of the mictering urface mry be eed © define the plane 62, Additionally,
imcgubuitics in the metming mrfce 28 may be noo-grometical end sl provide s
sxitable confignration for valve stxn 26 acronding to the present invention.

Tz, the perticater groroetry of the metering surtacs 28 is oot eritical s docg e3
(1) agie 6, cx0 be defined 23 deacribed beseis, (2) G irtrrior surface 24 of the valvee
Sy Rk il e goometry of the metering sfice 28
Theve faczors contribats o Eimiting o ciiminsting residmt metering wolome when te
octering vadve is o1 end facilinzze Ow redoction of esbiction of te Dow of
formottion to e trtering chaszber. i maybe grous foe funiting or
efimrinafiy X h partion of Ge mexcring surfcs:
andor e sealing surface acjacnt tn G intrrface herwern the metrring torface and the
saaling srface is aligned paralie) or ncarly pralicd 6 the €2 axis, The metering extace
ey be configrred w kave 0o significant particn aligned paratiet ar ceadty panalict © the
gen i, This may contribats o Emiting the foomation of aress of restricted flow witiin
o metmring iction on e fite Dow of forrznlation it the meering
dazdy cven Gough t intcrior wrfecs 24 of the valve body 12 sebstantially conftrms to
Cx grometry of the mesering sorface 28

Sizple gooaxtics L the metrring mrface 18 and the interior sartace 24 of e
walve tody sy provide corain mammfactnring sdvantages. Far exeeple, vadve sieen
baving compiers 360° cotatiamal symmetry remelre a0 rotations) aligamees during valve
amermily,. Simple 2iapes uch 23 oo conf cania park agrs.
For cxzple, sizmple durpes cary exdioce problems with depocition of g or wich

i Bow discantionise o cpaty alprs. Howewes, o complan groceries
b gre arintle for valve Czens 26 sccordizg 1o the proseot vestion. For exsemple, some
exdbodizens mey inciade hemispherical or o corved configurtions. Ocher

y inclade valve koving muhipie englea, such e Gomt chown in

FIGS I2:d 1)

2ering vokmme
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ety a1 the itexface or boundxry berween the surface of the body portion of e valve stem
and the gurface of the rpring guide.

The flow of temxizion oo the Dexying chambe dring scmstion xa well &3 fize
Oow of formulation when O rrtering valve D & rest ey also be affeciod by the axgle
decribed by the sealing Rirtace of (e valve stzm with respect to e contral lorgitadined
axis of o valve stm. Referring & FIG. 11, &0 engho 6, may be defioed by o inzersection
of u plaoe 64 tangevtial 10 8 major paxtion of te scaling exfecs 39 of (e valve sxm and
the coztad axis 60, In with compley angie 8, cuay be
defined by tha intcracction of the ceatra) axis 60 and » plaw txngentia) with o ayinos:
portion of the seating surface 30. Typical vatoes fiy angis 6, fs valve stems may bo from
about 30 to 907, Within this range, ¢ minimzm sngic of sbout 45° b mare desinble end
shout K* most desirsble. A maximum angle of sbous 85 ¢ is mare desirable and sbost $0°
oot desirablo. .

Metering valves baving an angle & in the rangrs descrided ey bave s mietering
portion - » portion Gat, in pa, bounds the metering chambes « that can genently bo
described &3 cozical tn ehape with 3 cron-gzctions] ares of the proximad portion of the
cons being proascy thaa e croaacctional arcs of e distal portion of the cons. In sme

bodi e incal ares of (e valve stem body at the metering
54 sealing Rarfaco trface may be abouz 4% Eratey o e Lansvoe crsectional
ea of e distad end (1.0, towasds e st portion of the valve sicmm) of G valve e
body. I other abods e J cxes of the vadve stem bady 28
e metting end scaling soface nterfhcn may bo xt feaxt abont 20% greates (o G
qunsverss cross-sectional erea of (e dista) end of O vaive stzm body. In iR other
embodiments, the tansverse croas-scctions] sres of the valve stem body i the metrring
«ad sealing surface interface may be ot Jexst about §0% greater Gun th transverse croes-
scctiona) srea of the distel end of the valve sz body.

In certain embodizmenty having o geenlly conical metering portion, (e interior
serface of (e valve body msiunin » groclly cocial fiorm Som s disphragm to the
valve body seating paface.

The metering saisce 28 of the valve s 26 msy be of a0y mitable configuation
o still écfine G phine €2 used to define sgic O, For cxarpls, in s valve siem havieg

%
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The ermbodiments described above zx provided i e context of metering valves
baving » diplacrable vadve stz sarroundad by & vadve body. Howeves, ono ehso rsy
design o metering valve in which G disptacezble valve sten sirrounds the vadve bedy.
Sach @ anbodimen: is shown ia FIG. 14-16. FIG. 14 dows the exsbodiment i o
sesting cxge, FIG. 13 shows Ox same embordiment i (e lling staga, axd FIG. 16 shows
the same embodiment i the dischargs stage.

The metering valve 114 of FIG. 14 inchodes » bouting 119 that serves t bomm the
varioss components of the metering valve 114, The top portion of G housing 118
ammaches to the scrosc] container as thown with respect K an altcrative enbodiment in
FIG.). A valve bady 121 is seated within G vabve housing 118 and in tom provides »
bousing for s vedve st §26.

The metering vaive 114 inciodes  pxetering body 124 thy, togrther with the valve
Sody 12, defines m interior chamber 33 tas bs prrthlly oocopicd by s portion of e
valve gzm 126, At beest one infes {o0s shown) provides opes and uarestriced fiaid
ompemzication betwern the Entericor chamber 333 and G bulk formalation aored in the
ereeal container.

in tha embodiment shown in FIGS. 14-36, Ge metrring body ineindes » e
porticn 113 that groerally defines » contrad axis 160, T stem portion 119 of the
earricg body 134 inchxies a izdet ey 112, & sealing cxrface 313, » metrving cxface.
116 md s dischrgs gasket 117, Tiw dischoope gaskes 117 forms 8 fiding sexd with G
Eeericr perface of the valve cze 130 and isolates the imtevior chmmbey 133 Goe the
extericr of the valve whes the cearring vaiw i b e resting positicn.

A portion of tha vaive £xm 128 csides within the bonsing 119 thronghoc
actoxfion. Anothey portien of (o valve @zems 126 sesides aumxide the valve hooying 318
when (e valve st 126 s b e rexticg pusition shown in G, 14, Dring ectuation of
G vadve strm 126, 8 portion of the valve £ 126 thet resides outide the bogxing 118
‘will be disptared dnwanfly with respect 1© G Detering vadve 114 90 tha & il be
Sansicly poszioned txids @x vatve bombag B8 :

The valve s2en 126 of G metrring vatve 134 down to FIGS. 14-16 txSodes »
metoing gkt 132, The cecaxing gxtes 132 Ooreees 8 plansy face sl with e v
£ 128 and @ poskioned o Gt & cxa form ¢ fiding corotn s with G aeaficy
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srhica 113 of G xzm portion 133 of the wetering bedy 124, The valve szzm 126 also
ictades 8 metering saface 123, 8 dischergs soceo 136, ©d o dischurps passagrewy 150.
The discharge 150 cray be in Boid with s dischargn pices t52.

FIG. 15 thows ty metrring valve of FIG. 14 in the filling stage of actastion. The
vatve ¢ 1248 i3 thows pestially actated - it bas been dixplaced Erwesd with eespect to
e s2em portion 123 of the metering body 124 and, therefore, a90 with respect & the
cntire poctering walve. Thuy, the valve st axctering sorfaco 128 has boen draws sway
fom the oetering surfcs 116 of o moring dody. T rereting tracs deftos, o pen,
the metering chamber 1M, Formiation is permitied to Bow fom e isezrios chamber
138, Girough e passagn formed berween the metering gaske 132 and the indet recess 132,
ax) into the oeterieg chamber 1.

In operation, the vatve cem 126 iy firther actzated & the filled gage (not thown).
I the £icd stags, (e axetering grsket 132 eventoally contacts the scaling surface 103 snd
forms & Suid-Ogin sliding scal. This sral isatatrs the metrring chambey 134 from the
ierior b 130 end ainps (e flow of famatstion o the metering chamber IM.

FI0. 16 how the valve sz 126 actosted & the dischargs stage, The valve sem
125 i chown actmated i 00 that he dischargs recess 136 allows metered
t ion o flow Som e shxmbex 134, eroand e discharge gasket 317, exd
izto the discharge passagrway 150, from wirich the metesed doss of formmtstion may be
Mu-pﬁmmmwmmum-ﬂmum
nhll).u-—, - t isolats in G interior chamber 138 fom the

atezion of G vabwe,

FIG. 16 a150 thows the determinstion of angle O, tn the ilinstrased embodiment.
As with (e cbodiments shown sbove, magle G ia defined by the central wxis (shown 1
160 in F1G. 16) and o plane (shown &3 162 ks RG. 165) tazgrxtial to &1 kexst 8 portion of tho
mctering sBcs. b this cnbodiment, the plans used to define angie O is tangratial o ot
least s porton of the metzing sarfhcs 116 of e stro portian of the mexcring body 423,

oot aeght O s dcfined, in pert, by ¢ plans tangentis) 1o & portion of (e
etering srfacs 136 of tha stem portion of (e mctering body 123, the distal portios of e
eactering body - Che porton ness the dischargs gaskat 117 - will kave 8 Tansvenss cross-
-sectiona) ares groatcy Gun the transverss crsy-acctiocal area of the proximal portion of the
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etryleos. (ETFE), poly-viny iftuorh
(PVDF) ad mixtires thervof, The material mvy inchode typical fillers, £ch g3 Ebers (0.8
mm-mmxm(ummwmmw
endanre stroctorsl robusmess, PRS- and PHT-
mmuudmmhmwm-m

e of G, For the provision of valve ving desiable
dior therma) iress o defimation, e polymer s desinbly selactad fom e group
onsisting of scdmp i liguid
yetallive poly falfide and mixtures theset.

The mezering gasket b typicaily clastomeric and may be made of » matevizd
eoxmpriting s Germoplastic clastomer of ¢ bennoset clasener.

Vi classes of cinble e claxtomers inctede polyester atbers,
pobyertthant ridbers, ek visy! Bher, sty btz fubbe, copol
3¢ el pabycster xmide ic e polycther amide

; 24 mixtures Geseot.

descrided in WO 511190, which is
incoxparszed berein by refirenea, and inchode binck cxpolymers of iyl wit
onomers selected Som b1 -eon, bes-1-ea and ocs-1-e00. Other cxzmples of mitvbln
olefinic i s descrited in WO 99720664, whtich is incorporated
Berein by refoencs, and &8 US SRO1I? (Dow). Stysecs-ctylens Dutadicno-styrem
polymers and bendy, kach & Gxoe doscribed by WO 922221 end WO 93K0534, both
of whith e incorporated berein by 1 wef) 13 styrene-etrykno

ay o b & = An cxareols of 8 polyether
mide Dermaptraric ehraxemer @ PEBAX (Amfim), which s o polycthorbinck<o-
polysmida, Campositions commprizing a exixezrs of ixter-dispersed redsthvg bard and
aixzive s darxi sy eh0 be exployad € sitdde Gamopbesic chsme s,
Exammps of each mirmre conpositions incuds SANTOPRENE (Advanced Elxstommer
Sysiema) which by thormonet EPDM dispersed b a polyolcfin cstris or ESTANE
(lowern) which is s polymes of segmenied polyestzs erethmes with » mixtme of

Exampies of clefimie O )

bl
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Dezering by 120 - that portion nces the inle! feezss 133, b some evabodizment, the
mw-«adh&ﬂdd&mﬁamuﬂ-m&
raater tan (he transwerse crossecctiona) e of G proxizmal ead of te metring body.
hmmmmw-admmuumm
body may be st least sbou 20% greszy Gon the tznsverse op-secticn] sres of e
presinsad end of the metring body. b e} other enbodimats, the tansverse cross-
scctional arca of the dirtat end of G metering body mey be ot least shout 60% greates tan
hmw»dmwﬂdmmu@

As with G cmbodimenty deverided sbove, the metrring corfcs 116 of the sorm
portion of the mctzring body 123 may substantially coaform to the shape and dimensions
dhnﬂz’uuﬁadhmmﬂ". Thes, o metering valve enmploying this
design mey Exmit or even climinate residual mctering vokans between the meterizg body
metering axrfhcs 116 sod (o vaive stem meizring aofhce 129 when the mesering valve is
n the resting position.

The design of the macteing srfaces acconting o the pr
contrilz, along with ohey aspects of metering vaive of vaive ftrm design, t TRprove the
flow of formubarion dwongh the meterizg vatve during acustion. Acvordicgly, the dexigns
of hs presen izvention may be vsed in conjunctinn with genena) metrving vatve design
Othes than thowe exphicidy chown i the Figures, Soch altcrmative ccteriag valve designs
mary iclude oo of itiam} featzres of the valvo sem, vatve body, or moy other
portion of the metering valve designed W ioprove prrfenmance of the mctering valve,
Such aditions) design featires may iimprove metering valve perfhrmance by kmproving
perfrmance peremeters fnchoding bot not timited to frrmibation fiow Srom the scrosel
contxiney to (o metering chamber during actuation and comistcy of fommalation
oxetering,

For embodiments inchading s co-mokded metering gasket, the non-metcring-gaskes
pavtion of the vatve siem (inchuding the stem partion, most of the body portion snd
poxxidly the gring gxide or s portioa thereof), termed a8 the clngats stam chement in the
following, is desinbly mads of & matxrist comprising s potymer. Soinble polymers
inchede acctsl, myloa, polyestes (PE), i pesticatar 8T),

(PMP), polyph @rs). (PAEKs),
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line end ot 5 Oty i inchude olefinie & dxstichrabt

blends snd polyvinyl o biends. Othes inclode single-phase
wmum
Prefeored f . .
tymes (EPOM), mwwﬂmm
isoproe {(Butyl robber), halogz 2o ®
particular Chh rebbey ond Bre ol

nd sitrils rodber cven mase preftacd end EPDM oxst preferred,

Combizaticns of co-cokied excarying gaskens cmde of matcriabs comprising
thermosct EPDM, eitrile robbes, batyt rubbher, rebbcy
andior oeopreoe, in pyticatay EPDM, with dongats stem elemerns cude of mutwisty
muPAB'.I.CP FPS andior PMP podymey provide valve stoms baving

3 —--—‘- H s phson 2 ) grvens
mhwm«;ma—mmhmd
d acrosol Scers, 1t is o be cach of O poatsitis 24 metrring

s=n zi imtions s & Gisciosed bern. Vatve
mmdmmdm”dmnbm'ﬂm
bty pobyctherctherio #0d co-mokind oxctrring grskets) mads of mazials
wmmmmmmwmm
Sicioal scxoech b e, o pasticadyy izl acrosol
Tieied peopeim HFA 1348 endior HFA 127, more pestichaly toeh farmotytions
‘The valve 2an msy bs cumfactard dy &0 ovenaniding or an enderaokiing
grocesa,
The foroo mcthod congria te s off
) providing & fra ekd e
b) cokiing & first material cormprixing & polymer © s the clocpate em
dement,
<) providing » scromd mokd cupe contaicing &t lexst ia pars G oo G
lement, e
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* @) cokding s second mazrial © fhem Ay metering gaske, soch Bt e escring
$xtn s co-conided with a1 feasn a porticn of te clongate StED etz

Toe sccood, ender-moMing, method comprises e strps

2) providing s seeond mold cape;

b) melding o sccond enateris) 0 form G metaring gasker,

) providing » 1 mold shepe andrrtying &t braxt in part the awctering gesket; and

am-hmﬂm-m»mmmmw

baving te metzing prakict co-oked with & keasa 8 prtion of sid elangats st

demet, .

For Ce mkz of cansiszncy in e two sicmtive methods, the wording “flrsr™
mold shepe and “Gra” marerial are used bere b ecomcetion with steps relating t te
mokiing of te tlongzte wem clement, whils e wording “scoond™ mold shape and
wm:-whmm:::mmmdhm
gaskes, regardicss of e sequentia) arder of e process eiepe. For tolding of the clogats
exm clemnens and/or melding of the metrring graket the prefirred method of molding is

1t WAl be appreciated by thows ehifled in the ast ts rexpective mold shepes will be
provided &3 to aftow e provision of the perticeh forms of elangas ctem elemens and
Detering gasket nocded for B wae of e valve etz in the pasticntar dipesing valwa

Tho wethod may favobe & molded being d foz it mold and then
poiitioned sppropistely b anothcy mot form for the molding of the other camponent.

ively s mctbod aay imvolve a single, torm mold, b
which upon molding of a e mold s changrd to provide e

apprupriats form shape for molding of e other component.

For walvg stems which inctade a metering gasket tuads of 8 cateris) conprising &
Guermoset ehstomer, G matzrial uied in Ok mokding crps, mom particularly injection
molding seps, thr fortaing sead clcments ("t second materisf™) desirably comprises &

dx A ds: b b tomesn o

@ i oddadie materal)

# polymoer molecals
beving &t keast cae double bond, in particatar polymes molcculzy heving alkeno groups,
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optizn) curing conditiam, curing sgents, ex. depend 0o the particulsr thermosctiable

astrne being mokded and posxitly also on e overall d: bz andor S of
the peniculer mezering grtet being molded. b regard t process efficiancy, it may be
desinable 0 ce bighey dhorter t chicve rapid tomover thrcagh
the molding tocts

T both methods efter (he cxring step and the removing of the fina? mald shap, it
may be desinbie to perform wn additiooal thermal trestient stop, for exsuple 1
Axzantially cornple Ecking andfos t optimics physical propertica of the thess
foreed metering gasket. This tharmel trestovent sty may involve beating detween 110 and
200°C i ypicafly s looges tiroe period than the aing sizp, €5 over & time period of 0.5
© 24 bours.

od S s irvention ©
Sppen

those killed b the ant without departing from the scope xnd spisit of this invention. &
showld be caderstood G this inventinn is ot ixteaded t be enduly timited by e

S ety end capies act forth boin and it sech cxamples md
embodimens are prescnted by way of exemple only with G scops of the iventicn
inteded to be Emixd ocly by the cizims set farth bereia o3 follows.

mons paricntaly pendat alkenc groaps, which provides sites acroes which crog-tinks exn
be formed tpon » Curing process ing the provision of &

For cxnzpin, t used to provide termasct EPOM
(ctydener i = witrils rebbor h i
copolymer) typically comptise & polymerized diene, which provides altroe provps i O
poltymer for crms-finking, Butyl rubbey is typically cade fram s polymes comprising
potyisobazrne with ¢ minor proportion of isapxens t provids 1lkecne growps for cress-
tinking, whils halogensted butyl subber, ¢.3. CIIR aad BIIR, is typically exade by
hatogemition of te repective polymer prios 1o caring. Hatogenxtion does net resh in s
locs of wnsateration, 04 cross-Finking i typically schieved using magnesivn mide endlor
zing axide, preferably sine axide, resutiing in ¢he dlimination of Gw respective metal
talide. Simitey Neopeeme i typically Goninksd via s clminaton of cctl chcrice
fron polychioroprene siing magnesizm cxides end/or gise oxide optionally with ep afkyl
diaminn”

I the methods of exmmfactring, mbangnent to the strp of mekling (mom
particotsy injection modding) e second mxwerisd . cia: the
enethods would inctude s s2ep of curing s2id seeoad material. The caring sep, which i
typically performed dizectly afiey the strp of molding of the sccond material, mury be
pertarmed a1 eppropriats tims after £aid mobding sod pric to Rmove the finsl mekd shape
in G procezs.

The coring process s desirably performed such thas ot least » majority of he cross-
Tink bords is formed. Processes R cross-lizking ee wel) known und two coomen typoy
WMMMMM&MMQM
polysulfide bridges, and prroxide curing, i which peroxids moSecules provide 8 sourcs of
fiow radicals allowing alkene or pendant afkene groups to form a bridge. Poaxide caring is
typically e preferred method of curlcg, [n order to provids materiats fhom which o
i f harmfcd - feached. by peroxide aing to
provide » kalogeanted butyt ubber, soeh 23 COR and KIIR, 8 co-vulcanizing agent, soch
# NN"-co-phenykeno-dimaleimide, is often uaed © achicve adequate cross-linking. Quring
provesses typically alwo invalve therma) Geating, 6.8, beating betwern 110 and 200°C for a
mints or more, sllowing st keast & mejority of the cross-link-bonds to be fonned. The

u
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Whst is Claimed i
1. Anscoeol metring valve compisng
(a) a valve gtem i1 groeraily defines a lorgimdingd axis and commprises:
1) s body partion comprising s mctering surface, whesein the boegitodinal
s and & phae Gopential  at eest 8 portion of the mexering eurface defise an
angle from sboot 2 to sbou 90°, md
@) 2222 prori ing ¢ dixcbarpe aod;
(3) s etering gasker
() & vahe body comprising:
(1) » body wall a1 comprises a sealing pordon,
D) o ixtomal chamber defived at deat in pent by te body wall aod
ing & Metering porth pered isDy conforn to the mesaing
srface of e vatve pem, and
{c) » disphyngm heving walls (it define &0 sportms o tlidebla, scafing
engrgmoent with the siem pastion of the vaive s ad
‘wherein O metrring greket is configrred to be able t £ » ansiers,
schanantially fid-tight scad berween the valve stem and the sealing portion of te
todywall

2 Anacosol maing vabve acaming  caim ), wherein the body portian of the
vaive 63 camprises ¢ sealing sarface adjecc to e Cting Grfics and i o s
£ potion of the vahw st end wheerein Rid scating sorfice ind G raciing wfacs
fhm » cimamfirentia) intrrfhce an the outer surface of G metying grket,

3 An arroscl metrring valve sccanticg © cixim 2, wherzin oo significan portion of
hmﬁqmﬂhuﬁumﬁndﬁﬂwm-&ﬂhhm
betwoen the metoring surfhoe and e sealing exvfice is afigned panlid ar acerly peralicd
© O Iongitmdinal ais.
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4 An eooml oceicg vaive acooeding @ chim 2 or J, wherein the longitodinal axis
«nd » phne teageatial to at least 8 portion of the seating anface define en angde from about
30° to shoas 9C°.

s As scromst mxcuing valve scconding to any preceding calm, wherein the metering’
gasket b configrred i be abls © form » ebetantially Boid-tight, atidicg scad with &1 feasa
& partioo of e xaling partion of o body wall

& Ao ago! merring valve comprising:

{2) 2 valve body tat cangrises o displragm baving walls that defins an spertare;

(b) » mctcring ez that prerally defines o longitdinal axis s atso pertialy
Ocfies an inacrior pace, the oetrring sten comprising o sealing povtion, en idet recen
sl wthe on, & metering sxface distal 1 e inle recess, end a dischargs
et Gistal to G metzring surface, wherein the centra) mis and » plane tangential © &
least 8 portion of ¢ metering saface defines & mgie fom sbout 2° to about 90°%;

(s} & valve sm in lichable, exating enprgrment with to spartars and comprixing:

(1) 8 analing pextion acrozs 4 portion of the interior gpace from the inket

A ing st mid seating ising & Detering gasket
configrred © be able to form & tansient Buid-tight betwern B valve stera ead G
scaling porticn of o macterig sem,

(3) » cizring smtace configared 1o substantially conform to te metering
sarfuce of e meteving mim,

() a0 intevioy wrrface,

(4) a dischayge recess in » portion of the interior snrface, and

(5) » dischargs pessaguwny.

7. The exrosol metering valve eccording bo chim 6, wherein Ge coctezing gasket
configrred to be able © form a edsantally fluid-tight sfiding sca) with «1 leaxs a porticn
of the sealing portias of the metering gem.
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17, Az acrosal oxctering valve according to claim 16, wherein the polymer is selected
troms the group consicing of aceal, nyton, polyestez, polybutylene tereplihatate,

poiyar pic liquid
crymllioe polymers. bigh desity p P edrylenc

Ih oohp
pely

I8 Anacrosal metering valve according to claim 17, wherein the polymey is selected
froms the group sting of potyar pic Bquid arystalline
polymers, palymethytpentene, polyphenylens sulfide and miztuges thereof,

19.  An scyosol metesing valve meconding to any coe of ciaim 16 to 18, wherein te
oetering gasked is made of » caterisl comprising & thermose elastomer selected from the
rocp cocxisting of EPDM, citrile, butyl ecbber, chlorobuty rubber, bromobetyl rabber
and nenprene.

20, A metered dose i ne devil

o wmy preceding chim.

mprising an scsosol esering valve according

21, A metered dose dispenting device sccording to claim 20, wherein sid metered
doss dixpenting device is 8 cetered dose inkaler.
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3. Abacrosol toetrring valve sccording 0 sy ding ctaim, wheoreks said engle of
etering surface is equad © or preater thao shoatt 10°,

9. Az scrosol metring vatve sccording © 1y preseding ciaim, whorein said mgle of
metering srface is eqaal t of grestzr Can sbot 207,

10, mmmﬁummﬁubwmdmmﬂw
of metrring norface is cqmal  or Pt e aboot 30°. N

11.  Anacrosol metrzing valve scoonding i any preceding of claim, wherein said sngls
of metering surface is equal t or tess than shoot §0°,

12. Az acresnd metering valve sccording  any preceding of claim, whereis said augls
of metering surfee bs el to or Less than shost 0%,

13, Ansrrosol metering valve sccanding to any proceding of cisim, wherein said engle
of metering nerface is eqeal o or less than shout 60°,

M. Anscosol metering valve acooxding o axry precuding chaim, wherein the metring
. N i 300 digoed paralid or ot
hngitndinal axis

15, Anserosol metering valve scconding i ey preceding ciaim, wherein the metering
gasket is co-o3iied with a2 Jeast o portica of the valve s,

16.  An scroenl meszring valve sccording & eny preceding claim, whesein the metering
ket is made of & mateyia) [ ors

ehxstomer and whercin the non-metering-gasket portion of the valve stem is made of
roxterisl comprising & polymer.
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